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Micron-sized powders are widely used in cosmetics to improve optical and tactile properties. However, their high
tendency to aggregate often requires chemical dispersants, which may compromise safety and sustainability. To address this
issue, we developed an air flow type plasma reactor for continuous, non-contact surface modification of particulate materials
without chemical additives. This study evaluates two reactor configurations—linear and spiral—for the plasma treatment
of polyethylene (PE) particles (~3 pm diameter). The spiral reactor, designed without internal electrodes, minimizes
particle deposition and avoids issues like thermal melting and clogging, which were observed in the linear reactor. Surface
wettability was assessed by contact angle measurements and FT-IR spectroscopy, confirming the introduction of hydrophilic
functional groups such as hydroxyl (—OH) groups on the particle surface. Experimental results revealed that the particle
concentration in the reactor strongly influences treatment performance. A lower particle number led to a significant decrease
in contact angle, indicating enhanced hydrophilicity. However, a trade-off was found between treatment efficiency and
throughput. Additionally, scanning electron microscopy showed that particles remained partially aggregated after treatment,
suggesting incomplete exposure to plasma. To improve overall processing efficiency, future work will explore advanced
dispersion and feeding systems, such as aerosol generators, to ensure a more uniform plasma exposure. These findings
support the feasibility of plasma-based dry surface modification as an environmentally friendly alternative to conventional
chemical treatments in cosmetic powder production.

Vb7, FHLICIRE SR EELRIATRKTH-

1.4 .

[l

TOENZ TS 3O L KIEI T O . HARBALHE
EEARRE - S - L - REOMCHEBW 52 A
LTWw5b, SAETIE, fEROMEICmA 7y Ff vy
7] % [Healthy | 7 & O IMIEARK D S, EFEM R
IATVEREZEHL®GREL WS, /2, Juf
FWLBIE2 O BB T LD HNTED, 3
70 P A ZORT PR HONSL LX) ITHh>TWb,

L2 Ly RIS RE R B O BEEMEAS R Ly 43k
P2 RS % 72 DI RIEETEA 20 & O 23 ge &
LBHEV) YV YIPFIET D, IO OILEYE LR
HMOBE2LHRETH Y, SHOLHERBAREICBVT
[ O =27 117 R AV B S AR G e = e W QI N o
R BRI OREAIRD LN TS,

CHOLEREEEZ, HEHELRIINETITHFOT
5 AL RE R E I 75 X~ ) 77 ¥ — & B L.
#13um DR =F L ¥ (PE) 1123 L CERMEB AL
MAFERL C&7z. TOME, RUEHAIZEHTLZ L
B BN GA R TH B Z L pFEiI N, 72
721, MERER TR RN . A o — I HE

Development of an air flow type plasma
reactor for surface modification of
cosmetic particulate materials
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Research System, Gifu University

Z ZTAMIZE TR, WPEREO M EER HIME LT, sk
F RPN EC DS T T A< L bR 217
I) TR TS X< )77 % —] BB LZ K
VT2 8=, VT 25 —HNOKFEE (KA—IVFT v 7)
ZARIE L. HAZEER & 72 0 o0 ALY 2 RIE L ) b X
LI ERHVELTWS, 7272, BHELTWwWRAnEHi
DTFGRAINT 77 —IZBWTIEBEBINEIC & D %) Bks
FOBERPHENRONTZ D5, PUSEERE I IMEE
ERBBEMEMALLVIHLWT S AT 7 ¥ —%ER
L. HERMOFEETH o 7-Mh T O %l - PAZEOME % f
mLeY,

2. 7 &

2.1. EBRE

AR CTHOWIZEREIN TS X< ) 72 % —i%, BT%
LA B S 7R Tl I 7T A A7) 2
AL TAIEETH ). HHEHNE X OBRERO 210
V7 oy =%l E - L2 (M), AR 727 5 —Iid.
PEE 6mm. #MESmm. £ & 150mm D EE % nE &
L. ZOHMIEEE 3mm O % I AEK, FHEICT vV
ISV LATF—TEEENT AT ERE LTHRESNT
Wb, IO OBEMITITE ST ER (Kawada, TE-
HVP1010K 300) A5kt S v, AJJEE (~ 20kV). Bk
(10kHz) ZHIBWEETH b, V7 27 ¥ — Lz —7
NI A== (TAYvF 752770y —%8 TF-70-
CT) %% L. k7% @m0 L7z [oEREB



AXX AT R E Vol. 33, 2025

Gas & Powder IN Electrode
[inside] —
Particles (Copper)

Gas & Powder IN

AN

Particles

Plasma

Electrode
T Aluminum

150 mm
90 mm

Electrode
[outside]

ouT
(Copper)

Electrode

T Copper Rod— ouT

(a) Straight Plasma Reactor (b) Spiral plasma reactor
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Conditions Unit Value
Treatment Powder - PE
Powder size [um] 3
Feeding rate [g/s] 0.002 — 0.04
Gas flow rate [L/min] 4 -10
Treatment time [s] 0.01 = 0.08
Applied voltage [kV] 10 — 18
Frequency [Hz] 10
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